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COUPLING SYSTEM BETWEEN HIGH-VOLTAGE ELECTRICAL 

EQUIPMENT 

DESCRIPTION 

OBJECT OF THE INVENTION 

The present invention relates to a coupling system between high- 
voltage electrical equipment that incorporates means for protection against 
impacts and piercing, as well as against possible dielectric failures in the 
area exposed between the two high-voltage equipments. The system also 
incorporates means for obtaining voltage and current signals, as well as for 
obtaining the power required to feed electronic circuits associated to the 
equipment installed. 

BACKGROUND OF THE INVENTION 

Connection of modular high-voltage electrical equipment having a 
metallic envelope by insulated connections is a technique that is becoming 
widespread among the various manufacturers of electrical equipment. 

These coupling systems can be classified into two groups: 

Coupling systems in which the union of the equipment is achieved 
by a connector or connection assembly comprising an insulating piece or 
envelope, generally a body of revolution, inside which are the conducting 
elements. In this kind of systems the ends of the insulating piece penetrate 
the corresponding female connectors mounted on the equipment to be 
connected, electrically sealing the union. Examples of coupling systems of 
this kind are described for example in the following Patents: EP 0 520 933, 
WO 02/087042, WO 02/35668, EP 0 891 013'and DE 101 19183/ 
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Coupling systems in which the insulating element does not 
penetrate the pieces provided in the equipment to be joined electrically. 
Examples of these designs are described in European Patents 1 294 064 * 
and 0 199 208. In these cases, in order to ensure the seal from an electrical 
5 standpoint, compression rings may be used as shown in European Patent 1 

294 064. 

In these coupling systems in order to control the distribution of the 
electric field in all cleanliness and humidity conditions, the surface of the 
10 connector or union assembly exposed between the two high-voltage 

equipment is referred to the ground potential, for which said external surface 
must be conducting or semi-conducting. For this purpose, it is common to 
use semi-conducting paint or semi-conducting materials injected on the 
insulating piece or envelope. 

15 

In order to provide the ground potential to said semi-conducting 
surface, helical springs may be used attached or connected on one end to 
the metallic envelope of the high-voltage electrical equipment, which is 
connected to earth, and on the other end are in contact with the semi- 
20 conducting layer of the connector or union assembly. The contact between 

the spring and the semi-conducting surface may be effected in two ways: 

Tangential. In this case the spring, disposed linearly, is attached 
by both ends to the metallic envelope of the high-voltage equipment. Contact 
25 with the semi-conducting surface is achieved by placing said surface 

between the two attachments of the spring, forcing the latter to deform into 
an arc instead of following a straight line between the attachments, thereby 
ensuring a permanent contact. 
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Circular. In this case the spring, electrically connected to earth, 
forms a torus about the semi-conducting surface, such as shown in patent 



application DE 10119183. 



This manner of providing the ground potential to the external semi- 
conducting layer of the connector or union assembly has the disadvantage 
that an excessive and prolonged vibration during transport of the equipment 
may wear the semi-conducting paint due to rubbing against the spring, 
producing surface areas without potential that could cause a dielectric failure 
resulting in an arc of a short but undefined length. 

Another problem that may occur in these coupling systems 
between electrical equipment is penetration by pointed objects in the 
interstices between the equipment, damaging the exposed part of the 
connector or union assembly. 

In addition, the need to monitor and automate electrical 
installations requires placing between the electrical equipment corresponding 
voltage and current sensors or gauges which, in the case of coupling 
between high-voltage cells, implies an additional difficulty as it requires 
making modifications in the high-voltage cells to allow making the required 
measurements. 

Determining the presence of a voltage in the busbars of the main 
circuit of a set of high-voltage cells can be solved by using devices for 
insulated connections such as those disclosed in International application 
WO 02/35668, but the problem is that the high-voltage cells are not always 
installed with female connectors on the free side that allow using the device 
described in said patent application, and in any case it is not possible to 
measure the circuit current at the end of the set of cells. 



DESCRIPTION OF THE INVENTION 
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The present invention relates to a coupling system with an 
insulated connection between high-voltage electrical equipment that allows 
solving all of the drawbacks discussed above, being of the type formed by a 
connector or union assembly that comprises an insulating shell, whose ends 
5 penetrate the corresponding female connector mounted on the equipment to 

be installed, inside which are housed some conducting elements, and which 
incorporates a conducting or semi-conducting layer on the external surface of 
the insulating envelope, allowing to effect a direct coupling of the various 
electrical equipment, such as the cell-cell union, the cell-distribution 
10 transformer union, etc. 

The coupling system object of the invention has as its main 
characteristic the incorporation of a protection device disposed surrounding 
or enveloping the connector or union assembly. 

15 

From a constructive standpoint, the protection device may consist 
of a part mounted on the union assembly, preferably disposed surrounding 
the semiconductor layer, in the exposed area between the two electrical 
equipment to be joined or embedded in the shell of the union assembly. 

20 

This coupling system has the following advantages or functional 
characteristics compared to current systems: 

- It allows a greater protection of the coupling system against pointed 
25 objects by the constitution of the protection device, which provides a 

mechanical protection function in the more exposed areas of the coupling 
system. 

- A minimised arc length in case of dielectric failure of the coupling 
30 assembly, and thereby its destructive effect, by the constitution of the 

protection device of a conducting material that allows conducting the fault 



current to earth without generating an electrical arc. 

- Preventing the problems associated to the wear of the semi-conducting 
surface by the helical spring, due to prolonged vibrations during 
transportation. In this case, the said semi-conducting surface is 
connected to earth by the conducting protection device which, by 
embracing said semi-conducting surface, connects it to earth without any 
relative sliding between them nor any wear of the conducting/semi- 
conducting surface. The coupling system can also be connected to earth 
by a protection device, according to the object of the invention, which is 
not metallic but does have a semi-conducting or conducting surface 
connected to earth, which is in contact with the external semi-conducting 
surface of the union assembly. 

The protection device of the coupling system object of the invention 
can incorporate sensors that allow obtaining values of several electric 
magnitudes, voltage and current. 

Specifically, it can incorporate a current sensor, with or without a 
magnetic core, that allows obtaining the current flowing in the main busbars 
in order to provide its value or for protection, measurement and control 
functions. In addition, the power obtained in the current sensor as the current 
flows in the main circuit can be used to power the circuits of ancillary 
equipment such as relays, alarms, communications equipment, etc. 

The voltage signal is obtained by not referencing to earth the 
external semi-conducting/conducting surface of the union assembly. In this 
case, said surface acquires a potential as a function of the capacity between 
the inner surface of the insulating protection device, at the high-voltage 
potential, and the external semi-conducting/conducting surface. This voltage 
signal can be used, for example, to: 



- Indicate the presence or absence of voltage at the busbars of the main 
circuit. 

- Obtain a measurement of the voltage at the main circuit busbars. 

- Obtain power to feed ancillary circuits. 

- Polarize directional protections with the voltage vector. 

- Perform protection, measurement and control functions related to the 
voltage magnitude. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a coupling system(1) for high-voltage equipment 
(4) consisting of a union assembly composed of an insulating shell (2) that 
connects two high-voltage cells (5) and has a semi-conducting layer (3) on its 
external surface. 

Figure 2 shows a coupling system, according to the object of the 
invention, incorporating a protection device (6) that surrounds the connector 
or union assembly (1), in the area in which the semi-conducting layer (3) is 
disposed. 

Figure 3 shows another embodiment of the coupling system, in 
which the protection device (6) is partially enclosed in a semiconductor material 
(3), which is in turn embedded in the shell of insulating material (2) of the union 
assembly (1). The figure does not show the elements performing the electrical 
connection. 

Figure 4 shows an embodiment of the coupling assembly in which 
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the protection device incorporates a current sensor composed of a core (7) 
on which is wound a conductor (8) and a voltage sensor that provides the 
voltage of the semi-conducting layer (3). 

5 Figure 5 shows a coupling system, with a voltage sensor, based 

on the embodiment shown in figure 3. 

Figure 6 shows a coupling system, according to the embodiment 
shown in figure 4, incorporating a unipolar current sensor (9) that envelopes 
10 the three phases. 

PREFERRED EMBODIMENT OF THE INVENTION 

For purposes of illustration only and in a non-limiting sense, an 
15 embodiment of the aforementioned high-voltage coupling system object of 

the invention is presented below. 

Figure 1 shows the coupling system used to configure an electrical 
layout with a set of high-voltage cells (4) which, however, may be equally used 
20 to join a cell (4) with a distribution transformer. 

Figure 1 also shows how the coupling system is composed of a 
connector or union assembly (1) comprising an insulating shell (2) that inserts 
in female connectors (5) of the high-voltage equipment(4), incorporating a 
25 semi-conducting layer or surface (3) that is referenced to earth and disposed in 

the space between the equipment (4) to be joined. 

Figure 2 shows a connector or union assembly (1), according to 
the object of the invention, incorporating a protection device (6) disposed 
30 surrounding the connector (1), in the exposed area between the electrical 

equipment to be joined, coinciding with the semi-conducting layer (3). The 
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protection device (6) is made of a metallic material to provide a greater 
mechanical protection of the union assembly (1 ). 

Said protection device (6) is configured as a conducting ring, 
connected to earth, that provides the earth potential to the semi- 
conducting/conducting surface (3) and leads the fault current to earth without 
generating an arc in the separation between the high-voltage electrical 
equipment. The application of the earth reference to the protection device (6) 
is achieved by a spring that contacts said device tangentially, not shown. 

Alternatively, the protection device (6) can be made of a non- 
metallic material such as plastic or elastomer, doped or superficially treated 
to be conducting/semi-conducting, that can provide the conductor (1) with 
mechanical protection while referencing to earth the semi-conducting layer 
(3). 

Figure 3 represents another embodiment of the union assembly 
(1) in which the protection device (6) is partially housed in a semiconductor 
(3) embedded in the insulating envelope (2) providing a function identical to 
that described above. 

Figure 4 shows a detail of the union assembly (1) which includes a 
current sensor placed inside the protection device (6). This gauge consists of a 
core (7) around which is wound the conductor (8), allowing to detect the current 
flowing inside the coupling assembly (1). The core (7) may or may not be 
magnetic, a Rogowski coil, according to the sensitivity required of the sensor. 

Figure 5 shows a union assembly (1), incorporating a current sensor 
consisting of a magnetic core (7) and a conducting coil (8), in which the 
protection device (6) presents a configuration as shown in figure 3. 
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A voltage sensor can also be included, in which case the semi- 
conducting/conducting surface (3) will not be referenced to earth, instead being 
left at a floating potential in order to capture, by contacting the aforementioned 
surface of the protection device (6), the voltage of said surface (3). As an 
5 option, the external area not in contact with the surface (3) may be referenced 

to the ground potential. 

According to figure 6, the protection device (6) can encompass all 
connectors (1) of the coupling system phases, and may also incorporate a 
10 current sensor for detecting faults to earth whose core (9), wound by the coil 

(10), envelopes all phases of the system. 



